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Abstract
We study the prospects of detecting signals of a resonant scattering of high-energy cosmic
neutrinos on electrons in the atmosphere. Such a process is possible through an s-channel ex-
change of a isotriplet scalar particle predicted by some particle physics theories. We estimate
the event rates for a reference detector setup with plausible assumptions on the interaction
strengths and energy resolutions. We find as the most promising process the resonance pro-
duction of tau neutrinos whose signature would be a ”quiet” (in contrast with a hadronic
”bang”) production of the tau lepton followed by a more noisy decay in downstream.
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1 Introduction
It was suggested long ago by Glashow [1] that one could look for the effects of the W -boson in the
spectrum of hadronic cascades produced via a resonant scattering of cosmic antineutrinos with
electrons in the atmosphere. This suggestion was made before the discovery of the W -boson in
laboratory experiments. We will revive Glashow’s idea by applying it to another resonant process,
the electron-neutrino scattering via an isotriplet scalar exchange. Isotriplet scalars are predicted
by many models [2] and they may play role in the so-called seesaw mechanism of neutrino masses
[3]. There is no evidence of their existence from laboratory experiments so far. On the other
hand the data still allows their couplings to leptons to be large, in contrast with the couplings
of the ordinary Higgs scalars [4, 5]. We shall study whether the plans to build large neutrino
telescopes and to use air shower arrays to detect horizontal neutrino-induced air showers would
open a possibility to see signals of these particles in the cosmic ray spectra. We evaluate the event
rates of the resonant isotriplet mediated electron-neutrino scattering for plausible isotriplet scalar
masses in various detectors and compare them with the corresponding background rates.
We do not specify the model but assume simply that at the energies relevant for our studies
there exists, in addition to the Standard Model particles, an isotriplet of scalar fields (∆0,∆−,∆−−)
carrying SU(2)L × U(1)Y quantum numbers (I3, Y ) = (3,−2). The couplings of the triplet ∆ to
leptons are governed by the Lagrangian
L
Yukawa
∆ = ihℓℓ′Ψ
T
ℓLCσ2∆Ψℓ′L + h.c., (1)
where ΨℓL = (νℓL, ℓL) and ℓ = e, µ, τ . This interaction breaks the lepton number by two units.
One should note that ∆ does not couple to quarks, which has important consequences in respect
to its possible astrophysical manifestations.
The interactions (1) allow for the e−νe annihilation in s-channel, whose astrophysical signal
we will consider in the following. The present phenomenological constraints on the couplings hℓℓ′
are the following (see e.g. [5]):
heµhee < 3.2× 10
−11 GeV−2 ·M2∆++ (2a)
h2ee <∼ 9.7× 10
−6 GeV−2 ·M2∆++ (2b)
h2µµ <∼ 2.5 · 10
−5 GeV−2 ·M2∆++ (2c)
heehµµ <∼ 5.8 · 10
−5 GeV−2 ·M2∆++ (2d)
heµhµµ <∼ 2 · 10
−10 GeV−2 ·M2∆++ , (2e)
where M∆++ is in GeV. There exist no strict constraints on the corresponding couplings with τ -
leptons and neutrinos. It is conceivable to assume that the masses of the all members of the triplet
∆ are more or less equal, and hence these limits can be taken to be valid also for the couplings of
the singly charged triplet Higgs boson. In the following we will consider two scalar mass values,
150 GeV and 300 GeV. In the former case the maximum values of the Yukawa couplings for the
first two generations are hee = 0.47 and hµµ = 0.75. In the latter case the couplings can have any
value up to the vacuum stability limit of hℓℓ′ = O(1).
We will consider the process
νee
−
→ ∆− → ℓ−νℓ, (ℓ = e, µ, τ). (3)
The total cross section of the process in the laboratory frame is given by
σ =
h2eeh
2
ℓℓ
4π
×
meEν
[m2
∆−
− 2meEν ]2 + Γ2∆−m
2
∆−
, (4)
where Eν is the energy of the cosmic neutrino and Γ∆− is the total width of the isotriplet scalar.
One should emphasize that the cross section depends quadratically on hee and hℓℓ. In our numerical
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Figure 1: Glashow resonance (left peak) and ∆-resonance (right peak) with hee = hℓℓ = 1,
m∆ = 300 GeV and Γ∆ = 34.5 GeV (solid line) and with hee = 1, hµ = hτ = 0, m∆ = 300 GeV
and Γ∆ = 11, 5 GeV (dashed line). The straight dotted line is the deep inelastic scattering cross
section for the processes νℓN → ℓ
−X and ν¯ℓN → ℓ
+X .
calculations we assume for these coupling the largest values allowed by the present laboratory data.
If their values in reality are less than these maximum values, the event rates presented below should
be rescaled accordingly.
Fig. 1 represents the cross section of the process (3) for m∆ = 300 GeV and Γ∆ = 34.5 GeV
(right peak) as a function of the cosmic neutrino energy, in comparison with the cross section of
the Glashow process (left peak). In the same figure we also give the cross section for the deep
inelastic νℓ-nucleon and ν¯ℓ-nucleon scattering processes, which will build the main background
in some detectors. Notice that for all processes only one neutrino (or antineutrino) flavour is
produced; we assume that one can distinguish between different flavours. For neutrino energies
between 107GeV . Eν . 10
12GeV this cross section is given by [6]
σνN+ν¯N (Eν) ≃ 15.64× 10
−36(Eν/10
9 eV)0.363 cm2 . (5)
Note that the nucleon to electron ratio is around 2 for most materials, which will additionally
increase this background.
Pion photoproduction processes in the sources (pγ → π+n; π+ → µ+νµ; µ
+ → e+νeν¯µ)
suggest that no ντ are produced in the sources, and νµ are produced twice as many as νe. The
SuperKamiokande atmospheric neutrino data indicates that the muon neutrino has a large mixing
with some other neutrino, presumably the tau neutrino [7]. The combined solar neutrino data
favours large mixing angle solutions (LMA, LOW) for the electron neutrino mixing with an active
neutrino [8]. This would lead the flavour composition of the extragalactic neutrino flux to be even
in all flavours [9, 10], Nτ : Nµ : Ne = 1 : 1 : 1. Note, however, that the discussion of the solar,
atmospheric and laboratory neutrino data is not settled yet, both three and four neutrino solutions
still being possible [11]. Nevertheless, assuming the most plausible neutrino mixing scenario, all
three charged leptons are produced in equal amounts in the deep inelastic scattering background
processes described above.
Let us now move to the possible detection of the process (3). Currently two major detector
designs for observing high energy neutrinos are discussed, namely atmospheric detectors and ice
or water detectors. These detectors have in common that they detect fluorescent light emitted
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by energetic charged particles. Obviously, in our case the charged particle to be observed is the
high energy lepton ℓ− produced in the ∆− decay. In case ∆− decays into νe and e
−, a short
electromagnetic cascade will be produced, whose energy should be measurable. If the energy
resolution of the detector is good enough, the ∆−-resonance should be distinguishable from the
Glashow resonance. Therefore electrons are good candidates for detection. Unfortunately electrons
and positrons are produced also in deep inelastic scattering processes that will form a serious
background. A final state muon at these energies propagates a much longer distance than is the
size of any imaginable detector, and furthermore the energy resolution for muons is much worse
than for electrons. Thus they are not good candidates for the detection of the process (3).
In contrast, the tau lepton produced by 108 GeV neutrino will decay typically within 2-3 km
from its production point producing a hadronic shower. The signal is different from the so-called
“double bang event” produced by ντ -nucleon inelastic scattering [9], since there is no particle
shower at the τ production vertex, i.e. the first “bang” is missing in our case. If the τ production
occurs outside the detector, but the decay inside it, the process will be indistinguishable from the
ντ -nucleon deep inelastic scattering background. Another possible source for background is the
Glashow resonance itself. It can produce high numbers of τ (as well as µ and electron) events, but
this is dominant at lower energies where ∆− production is negligible according to the limits (2).
Thus, with a fair energy resolution, the Glashow resonance should be distinguishable from the
∆−-resonance.
If one can detect the τ production vertex without a hadronic shower (”bangless” vertex) and τ
decay after the decay length of the order of some kilometers, one may measure the lepton energy
and hence also estimate the neutrino energy. In that case the most serious background for the
processes ∆− → τντ are muon neutrino events and cosmic ray muons, with a catastrophic energy
loss of the muon after around the same flight distance like τ . The energy loss may be e.g. due
to hitting a nucleus in the atmosphere, mimicking the τ decay. The difference in the signature
of muon catastrophic energy loss should be simulated for different detectors, but it is beyond the
scope of this letter. Nevertheless, one should be able to statistically distinguish the big sample of
decaying τ -leptons, having definite energy and distance from the production vertex, compared to
the randomly distributed muon events.
In the following event rate calculations we use as our reference the active galactic nuclei (AGN)
models described in [12]. The background calculations are performed in [6]. None of these AGN
models have been tested with actual data. Nevertheless, we emphasize the potential importance
of observing the high energy neutrino flux and looking at possible resonance effects, which are
independent of neutrino sources or the astrophysical models describing neutrino production.
We are interested here in close to horizontally incoming particles. The event rate of the
horizontal air showers in a neutrino detector with an area A is
Rate = A× t×
∫
dEν
dN
dEν
× σ(Eν )ρe(h)dh , (6)
where t denotes the time and ρe(h) is the electron density, calculated from the American Standard
Atmosphere [13], depending on the height h from the surface of the Earth. The yearly event rate
per steradian is shown in table 1. We have done our estimates for each different AGN model with
two different energy resolutions of the detector with a surface area of 106 km2. The first column
corresponds to the energy resolution of 25 % (or 2.5×107 GeV) and the second column that of 5 %
(or 5×106 GeV). We consider the first energy resolution plausible, while the second one is probably
optimistic [14]. The event rates have been calculated in each case for two situations. On the first
line it is assumed that all three neutrinos have the coupling strenght of hee = hµµ = hττ = 1,
corresponding to the decay width Γ(νee
− → νℓℓ
−) = 34.5 GeV, while on the second line it is
assumed that hee = 1 and hµµ ≃ hττ ≃ 0, corresponding to the width 11.5 GeV. The increase
of events in the case of low energy resolution and large width is perhaps hard to detect. In the
case when only the electron neutrino has a large coupling with ∆− one has better chances to see
the increase. The best channel for detecting the effect may be ∆− → τντ . If one can distinguish
the production vertex of τ to be without hadronic shower (without the first bang), there will be
plenty of events per year to be seen.
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Γ∆ [GeV] AGN P96 AGN SS91 AGN M95
34.5 606 230 207 75 229 88
11.5 2230 1484 740 482 847 566
νN + ν¯N 4829 919 1793 300 1801 350
Table 1: Yearly event rate in an atmospheric detector with a surface area of 106 km2 for energy
intervals of 5× 107GeV (left row) and 1× 107GeV (right row) for m∆ = 300 GeV.
Water and ice detectors are build in deep water [15] or in antarctic permanent ice [16] and
most probably have a final size of just 1 km3. Thus, assuming m∆ >∼ 200 GeV, the events with τ -
leptons in the final state are no longer fully contained in the detector. Consequently the observed
τ ’s decaying inside the detector will no longer be distinguishable from ντ -nucleon deep inelastic
scatterings. Signatures of the muons or τ -leptons that are produced inside the detector but that
leave it are probably as well inseparable from each other. Events with electrons in the final state
might give a signal with long detection times. The event rates per year under these conditions are
shown in table 2.1
Γ∆ [GeV] AGN P96 AGN SS91 AGN M95
34.5 4.0 1.4 1.3 0.5 1.4 0.5
11.5 14 9 4.6 3.0 5.3 3.5
νN + ν¯N 30 6 11 2 11 2
Table 2: Events in a cubic kilometer sized ice/water detector for energy intervals of 5 × 107GeV
(left row) and 1× 107GeV (right row) for m∆ = 300 GeV.
Water and ice based neutrino telescopes are effective if τ decays inside the detector. Observing
fully contained events, we allow a maximum path of 500 m and additional 250 m for the observation
of the τ -decay. In this case the resonant production of ∆− is supposed to happen while the
ultra-high energy neutrino propagates the first 250 m path inside the detector. The mass range
m∆ <∼ 150 GeV can be tested this way in cubic kilometer detectors. Event rates for this case are
presented in table 3 for hee = 0.47, hµµ = 0.75 and hττ = 1, which are the largest values allowed
by the present bounds (2). Non-observation of τ events with these rates would set new constraints
on the couplings.
AGN P96 AGN SS91 AGN M95
∆−-resonance 8.1 16.0 1.5
Glashow-resonance 14.1 70.5 1.2
νN + ν¯N 10.7 21.5 1.9
Table 3: Events in a cubic kilometer sized ice/water detector for an energy interval of 1× 107GeV
form∆ = 150 GeV and Γ∆ = 6.2 GeV. In this case it has been assumed that hee = 0.47, hµµ = 0.75
and hττ = 1.
In conclusion, we have investigated the prospects of observing the possible resonant scattering
of high-energy cosmic neutrinos on electrons in the atmosphere via an isotriplet scalar exchange.
It turn out that it may be, even with large lepton-scalar couplings, hard to distinguish events with
muons or electrons in the final state. On the other hand, events with τ -leptons in the final state
have an almost backgroundless signature provided it can be checked for each event that there is
1 Note that ρe(ice) = 3 × 10
29m−3 and that the detector can work almost 100% a year. Moreover we assume
that a total steradian of 2pi can be covered.
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no hadronic shower in the production vertex of the τ . In large atmospheric arrays, of the size of
the OWL [17], one can expect to see of the order of a thousand such events per year.
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